Atlantis Bank is an anomalously uplifted oceanic core complex adjacent to the Atlantis II transform, on the southwest Indian Ridge, that rises Ͼ3 km above normal seafloor of the same age. 
INTRODUCTION
Atlantis Bank, a 12-m.y.-old plutonic core complex (Dick et al., 2000) located on the southwest Indian Ridge east of the 195-km-long Atlantis II transform ( Fig. 1) at 57Њ23ЈE, 32Њ43ЈS, rises to ϳ700 m below sea level. It has been compared to other oceanic core complexes on the Mid-Atlantic Ridge (Dick et al., 2000) , where lower crustal and upper mantle rocks are exposed in lineated domal massifs (or megamullions) (Blackman et al., 1998; Tucholke et al., 1998 Tucholke et al., , 2001 . Oceanic core complexes are thought to be analogous to those on continents (Davis and Lister, 1988; John and Foster, 1993) , where denudation occurs via detachment faulting with slip on the order of tens of kilometers. Buck (1988) argued that the domal morphology and uplift of core complexes are due to lithospheric flexure of the detachment fault's footwall following unloading. Data from Tucholke et al. (1998) suggest that megamullions on the Mid-Atlantic Ridge have a mean uplift of 1.0 Ϯ 0.5 km above average seafloor of the same age, and numerical models of the detachment faulting predict flexural uplift of ϳ1 km (Lavier et al., 1999) . However, Atlantis Bank is currently elevated more than 3 km above normal crust of the same age.
A transform-parallel profile of residual bathymetry (observed bathymetry minus the bathymetry predicted by thermal cooling and subsidence [Stein and Stein, 1992] ) over Atlantis Bank (Fig. 1B) reveals that the bank is the northernmost point of a 120-km-long transverse ridge that has an average anomalous elevation of ϳ1.8 km. The 1.5 km variation in bathymetry along this transverse ridge (Fig. 1B) is consistent with that shown by abyssal hills in the surrounding region, *E-mail: gbaines@uwyo.edu. suggesting that uplift of the transverse ridge has been superimposed on pre-existing bathymetric variations. Similar transverse ridges have been observed on the Mid-Atlantic Ridge, where anomalous elevations can reach 4 km (Bonatti et al., 1994) . Seismic and gravity profiles and the morphology of transverse ridges suggest that they form via uplift of oceanic lithosphere, and are not volcanic constructs or serpentinite diapirs (Abrams et al., 1988; Bonatti et al., 1994; Pockalny et al., 1996) . However, the source of the driving force responsible for this uplift is unclear; of the potential sources only viscoelastic deformation (Bercovici et al., 1992) , transpression or transtension (Bonatti et al., 1994; Pockalny et al., 1996) , and the negative loading of transform valleys (Chen and Lin, 1999) are capable of producing uplift of comparable magnitude.
OBSERVATIONS OF TRANSFORM-PARALLEL FAULTS
At Atlantis Bank, denudation of upper crust was probably achieved by detachment faulting within ϳ5 km of the ridge axis (Dick et al., 1991) . Gabbro has been recovered for more than 35 km along a lithospheric flow line (Matsumoto et al., 2002) , suggesting that the detachment fault was active for Ͼ4 m.y., given a half-spreading rate of 8.5 mm/yr (Hosford et al., 2003) . However, the smooth domal morphology commonly associated with detachment faulting has been dissected by later transform-parallel and transform-perpendicular fault systems. These later faults form scarps observable on bathymetric maps (Fig. 1) . Outward-dipping transform-perpendicular and transformparallel scarps bound the shallowest portions of Atlantis Bank, suggesting that the bank is an uplifted footwall block (Fig. 1C) . The largest of the scarps are two moderately dipping (30Њ-50Њ) transform-parallel faults on the eastern flank of the bank that extend for more than 15 km along strike and truncate the detachment fault surface and other transform-perpendicular faults, implying hundreds of meters of slip after cessation of detachment faulting. The upper and lower scarps have ϳ600 m and 1200 m of bathymetric relief, respectively.
Manned submersible dives to the lower of these scarps (Shinkai 6500 dives 644, 648, and 652; Fig. 1C ) observed striae and shingle structure that confirm down-to-the-east, normal sense motion on the fault system that creates this scarp ( Fig. 2) (Matsumoto et al., 2002) . On dive 644, a 100-m-high section of fault scarp was observed with striae that rake ϳ85Њ to the north, indicating a small sinistral component to the dominantly dip-slip motion. Shinkai 6500 dive 462 revealed that the upper scarp is composed of a series of 3-5-m-high faulted benches that dip 65Њ-70ЊE .
Observations from the west flank of Atlantis Bank (Shinkai 6500 dive 461) indicate nearly pure dip-slip motion on N-S-striking scarps, tens of meters high, that dip 40Њ-60ЊW . Similar observations of a N-trending fault zone and N-S-trending calcite veins that dip Ͼ50Њ west, during Shinkai 6500 dive 643 (Matsumoto et al., 2002) , provide further evidence for transform-parallel normal faulting. Multibeam bathymetry suggests that original 100-m-scale fault scarps cutting the serpentinized and altered peridotite basement have been dissected and obscured by slump scars and debris flows (e.g., Tucholke et al., 1997) .
GRAVITY DATA
Shipboard gravity data from an E-W profile across Atlantis Bank have been analyzed to obtain the residual mantle Bouguer anomaly (Fig. 3) (Kuo and Forsyth, 1988) , assuming a seismically determined average crustal thickness of 4 km (Muller et al., 1997) , densities of 1050 kg/m 3 , 2860 kg/m 3 , and 3330 kg/m 3 for seawater, crust, and mantle, respectively, and a thermal correction that accounts for asymmetric spreading in the region (Baines et al., 2002) .
A residual Bouguer anomaly high beneath Atlantis Bank suggests that the crust there may be relatively thin, an observation consistent with denudation of the upper crust via detachment faulting. In addition, this residual Bouguer anomaly high means that the anomalous bathymetry of Atlantis Bank is supported regionally or by dynamic processes at depth; local support by Airy isostasy would require a large residual Bouguer anomaly low (Ϫ30 mgal). A residual Bouguer anomaly low to the west of the transform probably represents crust that has not undergone denudation.
FAULT MODELS
The contribution of transform-parallel faulting to the uplift of Atlantis Bank is investigated quantitatively using a flexural cantilever fault model of lithospheric extension (Kusznir et al., 1991) . This twodimensional model uses thin-plate flexure to calculate the bathymetry that results from structural loading imposed by prescribed faults. The model rheology assumes a brittle seismogenic zone, underlain by a regime of distributed plastic deformation. Planar faults are assumed to penetrate the base of the seismogenic zone, assumed here to be 10 km (given by the depth of the 600 ЊC isotherm in a corner flow model). Values of flexural rigidity (D) are constant for each calculation (the age offset across the transform is negligible for the modeled profile), and the values used range from 9 ϫ 10 21 to 6 ϫ 10 22 Nm (effective elastic thicknesses from 2 to 8 km), as suggested by Calmant et al. (1990) for loading ages Ͻ15 m.y. The extent to which stress is coupled across transform faults is uncertain (e.g., Behn et al., 2002; Okal and Lagenhorst, 2000) , so two end-member models are used: a welded transform fault (i.e., uniform flexural rigidity across the fault), and a cohesionless transform fault (i.e., a broken plate). Fault models based on an E-W bathymetric profile across Atlantis Bank have been constructed that include the two large-offset faults on the east flank (Fig. 4) . Flexural uplift due to extension on these faults (1.3 km extension) is 670-800 m for a uniform plate and 650-810 m for a broken plate. Incorporating faults on the western flank of Atlantis
DISCUSSION
The predicted uplift due to observed faults is significant and relatively independent of flexural rigidity and coupling across the transform fault. The modeled uplift accounts for the anomalous elevation of Atlantis Bank above the average elevation of oceanic core complexes on the Mid-Atlantic Ridge. This result suggests that transformperpendicular extension played a significant role in the uplift of Atlantis Bank to sea level.
The cause of this extension remains unclear. Transform-parallel normal faults are sometimes seen at oceanic core complexes, e.g., at the Atlantis Massif and 15Њ45ЈN on the Mid-Atlantic Ridge (Blackman et al., 2002; MacLeod et al., 2002) , suggesting that the faults observed at Atlantis Bank may have initiated close to the ridge axis during, or immediately after, detachment faulting. However, their large displacements suggest a significant component of slip unrelated to detachment faulting. Where large scarps are observed cutting core complexes on the Mid-Atlantic Ridge, they are also spatially associated with transverse ridges. At 30Њ17ЈN, 42Њ56ЈW on the Mid-Atlantic Ridge, a fossil core complex with 2200 m residual bathymetry (Blackman et al., 2002) is dissected by transform-parallel normal fault scarps, and is part of a transverse ridge (42Њ30ЈW-42Њ47ЈW). Large displacements on transform-parallel normal faults at Atlantis Bank are likely related to the transverse ridge of which Atlantis Bank forms the northernmost point (Fig. 1B) . Uplift of the transverse ridge at the Atlantis II transform may have been in response to transtension generated by a 10Њ counterclockwise rotation in the plate-spreading vector ca. 19.5 Ma (Dick et al., 1991; Hosford et al., 2003) . This rotation would put the Atlantis II transform into transtension for at least 12 m.y. (Baines et al., 2002) , a period that includes the formation of oceanic lithosphere at Atlantis Bank and could generate to 10 km of extension.
The orientation of the major transform-parallel normal faults is problematic. Normal faults expected to be active during transtension would be those perpendicular to the relative plate motion (and regional extension), not those subparallel to it. Observations that strike-slip motion at oceanic transforms is often localized within 1-2 km of the active transform (e.g., Bowen and White, 1986) and that only ϳ10% of motion on oceanic transforms is accommodated seismically (Okal and Lagenhorst, 2000) are consistent with numerical models that suggest weak coupling of stress across oceanic transforms (Behn et al., 2002) . For a weak transform fault in transtension or transpression, the regional stress field will rotate locally to minimize shear stress on the transform fault; under such circumstances dip-slip faults will form subparallel to the transform fault (Lachenbruch and Sass, 1980; Zoback et al., 1987) . Earthquake focal mechanisms at the Etanin and Kane transforms (Okal and Lagenhorst, 2000; Wilcock et al., 1990) are consistent with rotation of the stress field close to weak oceanic transforms. In the case of Atlantis Bank we suggest that local stress reorientation during transtension produced normal slip on pre-existing transform-parallel faults. Flexural uplift following major postdetachment normal faulting, such as that seen at Atlantis Bank, may explain why oceanic core complexes are often more elevated than those on the continents, where such faulting is not observed.
